We present Herschel spectroscopy of atomic lines arising in photodissociation regions as well as ionization regions of nearby early-type galaxies (ETGs), focusing on the volume-limited Atlas3D sample. line ratios could also be affected by the removal of much of the diffuse, low density gas, which is consistent with the low H I/H 2 ratios. [C II] is now being used as a star formation indicator, and we find it is just as good for ETGs as in spirals. The [C II]/CO ratios found are also similar to those found in spiral galaxies. Through use of the [N II] 205 µm line, estimates of the percentage of [C II] emission arising from ionized gas indicate a significant portion could arise in ionized regions.
INTRODUCTION
The atomic and ionic fine-structure lines [C II] (158 µm) and [O I] (63 µm) are the dominant cooling lines of the neutral interstellar gas, and therefore they are important for understanding the heating and cooling balance in this phase of the interstellar medium. The [N II] (122, 205 µm) lines are also prominent FIR tracers of ionized gas. These lines provide diagnostics for inferring physical conditions of the gas such as temperatures, densities, and radiation field strengths by comparing with models of photodissociation regions (Kaufman et al. 2006; Pound & Wolfire 2008) . They are also used as tracers of the star formation rate, similar in spirit to the optical nebular lines, but with lower extinction (Zhao et al. 2016) . And as the FIR lines are convenient for high resolution millimeter interferometry at redshifts 3, they are fast becoming workhorses for the study of high redshift galaxy evolution. In the context of understanding the high redshift universe, it should be helpful to understand the behavior of these lines in as many different types of local galaxies as possible. There is some previous work on the lines using Infrared Space Observatory (ISO) data on a wide variety of galaxy types (e.g. Malhotra et al. (2001) and Brauher et al. (2008) ), but the launch of the Herschel 1 satellite provided the opportunity to observe these lines in more sources and at higher resolution than was previously possible.
Only a handful of early-type galaxies have previous [C II] and [O I] observations, and hence little is known about the neutral interstellar medium (ISM) in these galaxies. Malhotra et al. (2000) observed four early type galaxies (two elliptical and two lenticular) with the ISO, and detected all four galaxies in [C II], but only two in [O I] . They found that [C II]/FIR was lower than typical values found in other samples by a factor of 2-5, and postulated that a softer UV radiation field was the explanation for this, corroborated by a low [C II]/CO ratio in NGC 5866. Malhotra et al. (2001) carried out a large study with ISO on 60 normal, star-forming galaxies on a variety of fine structure lines including [C II] correlated well with 60 µm/100 µm (a proxy for dust temperature) as predicted. PDR models found the average UV radiation strength to be 10 2 < G 0 < 10 4.5 and the gas density to be 10 2 < n < 10 4.5 cm −3 , with G 0 α n 1.4 . Brauher et al. (2008) carried out a larger study of FIR emission lines on 227 galaxies (46 resolved, 181 unresolved) observed by the ISO. The trend of [C II]/FIR decreasing with dust temperature was confirmed for all morphological types. ETGs in the sample have values similar to the other galaxies. Unlike [C II]/FIR, which decreases with dust temperature, [O I]/FIR is found to have no trend with 60 µm/100 µm for all galaxies, so as the dust temperature increases, [O I] takes on a larger role in cooling the ISM. They find the [N II] 122/FIR ratio to decrease in a similar way to the [C II]/FIR ratio for spirals and irregulars, but do not have enough detections to make a conclusion on other morphologies.
The [O I]/[C II]
line ratio increases with dust temperature for all galaxy types, and [O I] becomes the primary ISM coolant around 60 µm/100 µm ≥ 0.8. The [N II] 122/[C II] ratio is roughly constant for all types of galaxies, and they report a median value of 0.11 for galaxies with detections of both lines.
This paper provides a FIR line-based characterization of the warm and cool ISM of the largest sample of ETGs to date, allowing comparison with both normal spiral galaxies and the central galaxies of cooling flow clusters. In Section 2 the selection criteria are explained, along with the choices for the observation settings, the data reduction process, and the methods for measuring line fluxes. The data analysis is explained in Section 3, including a discussion of line ratios, separating the sources of [C II] emission, and different uses for the [C II] line. Conclusions are presented in Section 4.
DATA

Sample Selection
The galaxies observed here were selected primarily as the most CO-bright and FIR-bright members of the Atlas3D sample (Cappellari et al. 2011a ). The Atlas3D sample was developed as a complete volume-limited set of early-type galaxies brighter than M K = -21.5 (stellar masses greater than about 10 9.9 M ); they have distances out to 42 Mpc, declinations between -4
• and +64
• , and galactic latitudes > 15
• . In this context the term "early-type" refers to galaxies lacking spiral structure, and with masses large enough to avoid irregulars and dwarf spheroidal galaxies. No color cut was made on the sample, so it includes a few relatively blue galaxies. The core of the Atlas3D project involved integral-field optical spectroscopy of the central regions of the 260 galaxies that meet all these criteria, and observations of the cold atomic and molecular gas were also carried out (Serra et al. (2012) ; Young et al. (2011) ).
Of the 23 Atlas3D galaxies brightest in FIR flux, we observed 18 with PACS and the KINGFISH project observed 2 (Kennicutt et al. 2011) . Of the 14 brightest in 12 CO J=1-0 (as well as FIR), we selected 8 for SPIRE spectroscopy and obtained another one from the archive. This was a conservative approach to make detections more likely, and our results show that fainter galaxies would likely have been detected had they been chosen. An optical color-magnitude diagram of the sample galaxies is shown in Figure 1 . This set includes field galaxies and members of the Virgo Cluster; some are H I-rich, and some (even field galaxies) are extremely H I-poor, with the H I/H 2 ratio ranging from ∼ 0.001 to 10; some are found on the red sequence (NUV-K ∼ 8.5), whereas others are as blue as typical spirals (NUV-K ∼ 5); some have dynamically relaxed cold gas disks whereas others show clear signs of recent accretion or disturbance. Some have AGN activity. Thus, the sample probes a wide variety of parameters that might affect the properties of their ISM. Figure 1 . Properties of the sample galaxies relative to the full Atlas3D sample. Circle sizes indicate molecular gas content. Purple circles represent galaxies observed with PACS; yellow circles represent galaxies observed with both PACS and SPIRE. Green circles represent Atlas3D galaxies with molecular gas, but not selected for Herschel observations, while crosses indicate Atlas3D galaxies without detected CO. The red sequence of ETGs is prominent at NUV-K ∼8-9.
Observation and Reduction
PACS Observations
Eighteen galaxies were observed with the PACS spectrometer (Poglitsch et al. 2010 ) and a subset of 8 had additional observations with SPIRE (Griffin et al. 2010) under the project OT1_lyoung_1. Both instruments were part of the Herschel space-borne observatory (Pilbratt et al. 2010) RangeSpec ones were done as 2x2 rasters with a step of 4.5 . Observations were done as raster mapping to fully sample the point spread function and provide information on the extent and kinematics of the gas. PACS spectroscopy has an angular field of view of 47 x 47 and pixel sizes of 9 x 9 .
Our PACS data were reduced using the Herschel Interactive Processing Environment (HIPE) version 14 (Ott 2010) . The built-in ChopNod pipeline was used to calibrate the flux and wavelengths, as well as mask bad pixels (outliers, glitches, saturated or noisy pixels). To avoid correlated noise, our pipeline wavelength gridding uses values of 2 for oversample and 1 for the upsample parameters. The resulting data cubes were then further processed in HIPE's spectrum explorer. The continuum was subracted using a degree two polynomial model based on manually selected regions, avoiding the noise at the edges of the spectra.
SPIRE Observations
In addition to the PACS observations, a subset of nine galaxies were observed with the SPIRE instrument. Based on CO images from Alatalo et al. (2015) , the molecular emission was expected to be mostly or entirely within the beam of the central SPIRE detector, so the observations are single pointings in the high spectral resolution mode. Many CO transitions are seen in the SPIRE spectra, along with two [C I] transitions, a few H 2 O and HCN transitions, and occasional HCO lines. The majority of the CO and [C I] lines were detected in almost all of the galaxies. In this work, only the [N II] 205 line is used from the SPIRE spectra. The 205 µm data from SPIRE is only used for our ETGs. For the KINGFISH galaxies, the 205 µm line fluxes instead come from PACS data. In Appendix A.1.2 we discuss the good agreement between the PACS and SPIRE [N II] 205 µm line fluxes using 6 KINGFISH galaxies with measurements from both instruments. All other lines observed with SPIRE will be discussed in a subsequent paper. The details of the observations for each galaxy can be found in the Herschel Science Archive (HSA). SPIRE photometry observations are available for all of the SPIRE spectroscopic targets to assist with calibration.
The SPIRE data were reduced using HIPE 14's built in Single Pointing user pipeline. After the standard pipeline reduction the spectra were processed with the SemiExtended Flux Correction Tool (SECT). The SECT parameters are discussed below.
Comparison of Cooling Line Emission Distribution
We begin by estimating how much of the FIR line emission may be lost outside of the PACS field of view by determining how much of the 160 µm continuum is emitted outside this field of view. PACS 160 µm continuum images were overlaid with the PACS spectral footprint, and the flux within the footprint was compared to the total flux contained within the galaxy. PACS photometry was available in the HSA for NGC 1266, 3626, 3665, 4459, 4526, 4710, 5866, and 7465 . The worst cases were NGC 4710, which had 88.7% of the 160 µm emission in the PACS field of view, and NGC 4526, which contained 95.8% of the continuum emission in the PACS field of view. The continuum emission for the remaining galaxies was completely inside the PACS spectral footprint. If [C II] is distributed like the 160 µm continuum, then we expect the PACS field of view to contain ≥ 90% of the total [C II] flux.
Additionally, position-velocity slices for [C II], [O I] , and [N II] 122 micron were utilized along with those of CO(1-0) to examine whether the atomic gas is spatially co-located with the molecular gas, as well as sharing kinematic properties. In most cases the atomic gas follows the molecular gas, as in Figures A1, A2 , and A3. This is reassuring for galaxies with faint [O I] emission such as NGC 3489, 4429, or 3607. NGC 3626 may be a case where [O I] is more compact than CO. In some cases [C II] is more spatially extended than CO. This is conspicuous in NGC 1222, seen in Figure A4 , where the [C II] likely follows the sum of atomic and molecular gas, but could be the case in NGC 4694, 7465, and IC 1024 as well. The line widths of the PACS lines are also similar to those found from CO, though the resolution for the CO is much better and can more accurately describe the motion of the gas.
Measuring Line Fluxes
In Table 1 we present the fluxes and uncertainties obtained by summing the spectral data from the entire PACS image as well as the fluxes obtained in an aperture of radius 15 centered on the galaxy nucleus (the brightest pixel). In both cases the data cubes were spatially integrated to produce a single spectrum from which a total flux could be extracted using a Gaussian model. The pixels are summed directly without the use of weighting. The spectra produced with 15 apertures can be seen in Figure 3 . For the 15 apertures, Enclosed Energy Fractions (EEFs) were used to correct the spectra for missing emission scattered out of the aperture by the point spread function; these corrections assume the target is a point source, and while our galaxies are not true point sources, they are centrally peaked. Uncertainties in the line fluxes were calculated using the residuals from the Gaussian model. A single-channel standard deviation σ 1 was calculated and summed across the channels that span the full width of the line, giving a total uncertainty in the sum of √ N σ 1 δv , where N is the number of channels spanning the width of the line and δv is the channel width. It should be noted there is an additional ± 30% absolute calibration uncertainty for PACS spectroscopy as detailed in Section 4.10 of the PACS Observer's Manual.
Fluxes from the two apertures are presented because they are useful in different situations. In calculating a line/continuum ratio such as [CII]/FIR, our FIR fluxes come from low resolution IRAS, Spitzer, or AKARI data so the largest available line aperture is desired. However, for the fainter lines, the outer parts of the PACS field of view are very noisy and the nominal fluxes measured in the full image can be less than fluxes measured in a smaller aperture. In addition, for internal PACS line ratios it is desirable to match the apertures used in each line. For these ratios we use the matched 15 apertures. The choice of the 15 radius is based on inspection of the position-velocity diagrams ( Figures A1, A2 , and A3) and a curve-of-growth analysis; it is large enough to capture most of the flux in the PACS fields, to provide robust detections and to have minimal EEF corrections (≤ 10%), but small enough to avoid most of the noisy regions around the field edges. For our targets the 15 radius corresponds to ∼ 1 to 2 kpc. Before measuring the fluxes in our SPIRE spectra, we apply a correction factor determined by the semiextended correction tool (SECT) in HIPE. The SECT attempts to extrapolate to a total source flux, correcting for the fact that the central detector beam may not fully cover the source and that the beam size is strongly wavelength dependent. When using the SECT on SPIRE spectra, we prefer to specify the source size, position angle, and eccentricity, rather than allowing the SECT to optimize the source size based on the overlap region between SLW and SSW spectra. The reason for this is that the two parts of the spectrum have random continuum offsets (with respect to each other) on the order of 0.3-0.4 Jy (Hopwood et al. 2015) , and for these weak sources that is a large proportion of the flux in the overlap region. The spatial and kinematic CO comparisons-particularly [N II] 122 vs CO shown in Figure A2 -suggest that the CO sizes offer good estimates to use in the SPIRE SECT when measuring the [N II] 205 fluxes. We also prefer not to force our spectrum to match the photometry, but instead use external knowledge about the probable emission size and use the photometry as a sanity check. The source variables were chosen using two dimensional Gaussian models of the CO(1-0) emission. For NGC 2764 and 5866 the corrections based on CO sizes clearly underestimate the photometry, so larger source sizes based on two-dimensional Gaussian fits to the SPIRE 250µm images were also used. We make use of both [N II] 205 line fluxes for these two galaxies in a "worst case" illustration of the magnitudes of the extrapolation uncertainties. A Gaussian reference beam with FWHM = 44.15 was used to obtain a flux matching the 47 x 47 field of view for the PACS observations. After being reduced in the standard pipeline and processed with the SECT, the SPIRE spectra were fit using HIPE's built in Spectrometer Line Fitting script. The spectra before and after the SECT are seen in Figure  4 . The unapodized spectra were used in the fitting routines, and two components were used to model the emission. Sinc line profiles were used for all galaxies except NGC 4526, which was fit using a sinc-gauss line profile. Uncertainties were calculated using the residuals from the model in the same manner as the PACS spectra. Fluxes and uncertainties for the SPIRE data, as well as the correction factor given by the SECT at 205 µm can be found in Table 2 . The SPIRE Handbook version 2.5 recommends summing the absolute calibration uncertainty (4%) and relative calibration uncertainty (1.5%) directly for a conservative total estimate of the calibration uncertainty of 5.5%. The calibration uncertainties have not been applied to the line flux uncertainties listed in the tables for PACS or SPIRE.
Systematic uncertainties due to the source size extrapolation corrections for our galaxies are expected to be similar to or larger than the absolute calibration uncertainties. Comparison to Kamenetzky et al. (2016) suggests these systematic uncertainties are on the order of ∼20-30%. To obtain flux measurements they first use the 250 µm continuum for a size estimate, fixing the SLW/SSW overlap, but this often makes the spectra higher than the photometric data, so they multiply down by a polynomial to ensure the spectrum matches the photometry. We use a different approach, but our SPIRE [N II] 205 line fluxes are in very good agreement with their values. NGC 2764, NGC 3665, NGC 4526, and NGC 5866 are almost exact matches, within a few percent, while the remaining galaxies agree within 20-30%. The NGC 2764 and 5866 fluxes found using the 250 µm sizes are 74% and 72% greater than the Kamenetzky et al. (2016) 122 are plotted as a fraction of FIR flux against a proxy of dust temperature, the 60µm/100µm flux ratio. We calculate FIR flux using IRAS 60 and 100 micron fluxes from Knapp et al. (1989) , and the formula given by Helou et al. (1988) . For NGC 3626 and UGC 06176, IRAS data are unavailable, so AKARI 65 and 90 µm fluxes are substituted (Kokusho et al. 2016 ). For galaxies with Spitzer data (NGC 1266, 3032, 3489, 3607, 4150, 4435, 4459, 4526 , and 5866), we calculate TIR flux using MIPS 24, 70, and 160 µm data from Temi et al. (2009b) and the formula in Dale & Helou (2002) , then estimate FIR as TIR/2. The FIR fluxes found from MIPS data are on average 79% of those found with the IRAS data, ranging from 66% to 96% with better agreement found at lower dust temperatures. The sum ([C II] + [O I])/FIR is a measure of the total gas cooling efficiency and is shown alongside the other line/FIR plots in Figure 5 .
We make use of comparison samples obtained from Brauher et al. (2008) and the KINGFISH project (Kennicutt et al. 2011 ). The galaxies in Brauher et al. (2008) contain all morphologies and were observed by ISO, while the KINGFISH galaxies are mostly late type galaxies and were observed with Herschel . Galaxies classified as ETGs from Brauher et al. (2008) for our sample galaxies we use the full image line flux values (unless they are less than the 15 fluxes) to more closely match the IRAS 60 and 100 µm observations. For the KINGFISH galaxies, which are often extended and have good FIR images, we have computed FIR fluxes in apertures matching the line data (see Appendix A for details). The [C II]/FIR values range from about 0.001 to 0.007, typical cooling efficiencies for the [C II] line as can be seen by the overlap with other samples in Figure 5 . However, the line/continuum ratios are consistently lower than the KINGFISH sample. Log values for our sample have a median value of -2.43 with a standard deviation of 0.22, while the KINGFISH LTGs have a median value of -2.10 with a standard deviation of 0.20. This could be due to dust in ETGs being heated by older stars which won't release as many photoelectrons, resulting in less heating and a lower cooling efficiency. We do not see a [C II]/FIR deficit at warm dust temperatures (higher 60/100 µm ratios) for ETGs, while the ratio decreases for the broader galaxy samples (Brauher et al. 2008; Malhotra et al. 2001) . In fact, a Kendall rank test indicates that [C II]/FIR increases with dust temperature for our sample of ETGs, however the p-value for the rank test is 0.068, so the evidence for an increase with dust temperature is weak. Smith et al. (2017) have also studied the [C II] deficit in the KINGFISH galaxies with spatially resolved data, rather than single apertures as we use in our present work. They find that the trend of [C II]/TIR increasing with 24 µm surface brightness is more significant than the trend with IR color, and that the residuals from the 24 µm trend also correlate with the gas metallicity. The values presented in Appendix A reproduce those correlations. Unfortunately, we do not have gas phase metallicities for the ETGs, so we cannot yet do a direct comparison on the role of gas metallicity in the ETGs. In any case it should be noted that Smith et al. (2017) demonstrate correlation, but not necessarily causation, since for the KINGFISH sample [C II]/TIR and metallicity are also correlated with color, morphological type, and total stellar mass. Thus additional exploration will be required before we can claim to know what drives the [C II] deficits. Because our sources are not point sources, the Semi Extended Correction Tool (SECT) was applied to our spectra, multiplying each channel by some scaling factor. The correction factor at 205 µm is given. To obtain an approximate value for the uncorrected flux, divide by the factor in the table. *NGC 2764 and 5866 have values listed for size estimates based on the 250 µm data as well because the SECT corrected spectra produced from the CO estimates did not agree well with the photometry.
To begin some further exploration, we test an idea discussed by Malhotra et al. (2001) and Smith et al. (2017) , which is that softer (redder) radiation fields have fewer photons available to ionize carbon and heat the gas. UV colors were taken from Young et al. (2014) (for ETGs) and Dale et al. (2007) (for KINGFISH galaxies). The [C II]/FIR ratio is strongly correlated with UV colors, shown in Figure 6 . Our ETG sample yields a Kendall rank τ of -0.634 with a corresponding p value of 0.0001. Given this strong correlation, we also investigate the other line/FIR ratios with respect to UV color.
The Carbon has an ionization potential of 11.26 eV, while the ionization potential of oxygen is 13.62 eV, so in PDR layers where H is neutral and atomic, carbon is C+ and oxygen is neutral. The [O I] line has a higher critical density and excitation energy than [C II], so it is the primary coolant of warm, dense gas, and in x-ray dissociated regions, the [O I] line can be stronger than in typical PDRs (Maloney et al. 1996) 
. As their FIR lines have different critical densities, the line ratio [O I]/[C II]
can be used as a density indicator. This is complicated by the fact that in deeper layers of the PDR carbon is neutral (or in CO) alongside atomic oxygen. Also C+ exists in ionized gas while neutral O does not. Another complication is the fact that the [O I] line can be optically thick for some values of hydrogen density, n, and interstellar radiation field strength, G 0 . Despite these complications, the [O I]/[C II] ratio can be used as a number density probe for dense gas (3 × 10 3 < n < 5 × 10 5 cm −3 ). For n significantly less than the critical density of an optically thin emission line, assuming a fixed column density, the intensity increases linearly with n. For n significantly greater than the critical density, the intensity becomes independent of n. (Brauher et al. 2008) . The median of the log values from Brauher et al. (2008) is -0.19 with a standard deviation of 0.25, but the KING-FISH LTGs have a median closer to the value from our sample. The median from KINGFISH is -0.48 with a standard deviation of 0.23, while the median from our ETGs is -0.46 with a standard deviation of 0.21. There is a general trend for this ratio to increase with increasing dust temperature, and a Kendall Rank test on our sample returns a τ = 0.474 and a corresponding p = 0.0023. Thus the ETGs exhibit the same behavior as normal spirals in this respect. These results can be seen in Figure  7 . Figure 8 . We find that 25% of our sample have ratios significantly larger than comparison spirals and ETGs, which seem to reside primarily below a value of 0.3 (drawn in the first panel of the figure). There are a couple of galaxies from the KINGFISH sample that approach these high ratios, including several upper limits, but no detections are as high as ours, the largest of which is a factor of 2 larger than any previous measurement. The large line ratios reside exclusively at low dust temperatures as seen in the first panel of Figure 8 . Cormier et al. (2015) find small [N II] 122/[C II] ratios for low metallicity dwarf galaxies, however without gas phase metallicity measurements we cannot test whether the inverse is true. According to the models of Mittal et al. (2012) , ratios as high as the ones we observe can be produced if there are only small contributions to [C II] from neutral gas (i.e. PDRs). These high line ratios may be related to the lower atomic gas fraction in their host galaxies, and indeed we only find the larger [N II] 122/[C II] ratios in galaxies with Log(H I/H 2 )< −0.5, shown in the third panel of Figure 8 .
Another possible influence is the presence of an AGN in galaxies with higher [N II]/[C II] ratios, indicated by stars in the third panel of Figure 8 . It has been proposed that AGN activity decreases the [C II] emission by increasing the ionization state of the gas (i.e. carbon will mostly be C2+ rather than C+) (Malhotra et al. 2001 ). All galaxies with a ratio > 0. Among all the emission lines in the ETG sample, there do not appear to be any fundamental differences to help differentiate cluster galaxies from field galaxies. Both line/FIR ratios and line/line ratios span the same range for high or low values of ρ 10 and Σ 3 (both indicators of galaxy density) as defined in Cappellari et al. (2011b) . Additionally we find no obvious relation between the ratios and the importance of organized rotation versus nonordered velocity dispersion (as defined by λ Re in Emsellem et al. (2011)), or any relation to the misalignment of stars and gas (Davis et al. 2011) .
Further analysis of the line ratios will be explored in a future paper. A detailed analysis of the gas properties using PDR models will be done, utilizing the [C I] and high J CO lines from the SPIRE observations in conjunction with the PACS emission lines and ancillary data.
Fraction of [C II]
Arising in the Ionized Gas of ETGs Since the ionization potential of carbon is lower than hydrogen, carbon will be ionized in H II regions, but to complicate matters ionized carbon can be found in PDRs as well, alongside neutral carbon and CO near the dense center of the gas cloud. To properly use PDR models and calculate line ratios, these two components must be decomposed into a [C II] flux attributed to the ionized region and a component attributed to PDRs. We first tried to use the method in Malhotra et al. (2001) to separate these components, but in several cases this attributed all of the [C II] emission to ionized regions, Our sample is plotted as stars, while the KINGFISH sample is plotted as squares (Kennicutt et al. 2011) , and the Brauher sample is plotted as circles (Brauher et al. 2008) Figure 9 depicts this method at work for both our sample galaxies (circles) and the KINGFISH sample galaxies (squares). Assuming electron impact as the excitation method, the electron density of the ionized regions can be found using the line ratio of Savage & Sembach (1996) and corrected for ionization states based on models from Rubin (1985) . The gas phase abundances used were n(C+)/n e = 1.4·10 −4 (Cardelli et al. 1996) and n(N+)/n e = 7.9·10 −5 (Meyer et al. 1997) . Collision strengths were scaled to an assumed electron temperature of 8000 K, and were taken from Hudson & Bell (2004) for nitrogen and Blum & Pradhan (1992) for carbon. Values were computed with updated collision strengths from Tayal (2008) and Tayal (2011) and differ by 5-10%. There seem to be more galaxies with large contributions to [C II] emission from ionized gas than predicted by models (Accurso et al. 2016) . Table 3 shows that four (or possibly five) galaxies from our sample as well as four KINGFISH galaxies have roughly half or more than half (47.9% to 100%) of their [C II] emission from ionized gas. For galaxies without [N II] 205 measurements, we can use the prescription of Malhotra et al. (2001) that found that more than half the [C II] emission of a galaxy is from ionized gas if its [N II] 122/[C II] ≥ 0.12. This criterion would concern IC 0676, NGC 3032, NGC 3607, NGC 4429, NGC 4435, and UGC 06176, with NGC 3489 and NGC 4150 both having ratios greater than 0.11 as well. In addition to these galaxies, the results of Parkin et al. (2013) show M51 to have 80% of its [C II] emission coming from ionized gas in the center, with declining values at larger radii. For IC 342, Röllig et al. (2016) find that in the central few hundred pc, 70% of the [C II] emission comes from ionized gas. We do not find such a high value using the KINGFISH data, and this is due to a discrepancy in the [C II]/[N II] 205 ratio. They adopt a value of 4.89, while we use 2.90, and this factor of 2 is passed on to the ionized gas contribution.
Attributing these relatively high proportions of [C II] emission to ionized gas may have implications for high redshift galaxies and galaxy evolution. Theoretical models of high z galaxies often ignore the contribution to [C II] from ionized gas, or if they calculate it, they find that it is small. Popping et al. (2016) do not account for [C II] emission from ionized gas, while Olsen et al. (2015) find the contribution from ionized gas to be under 3%. Vallini et al. (2015) also find a very small contribution to the [C II] flux from ionized gas, and assume an electron density much less than the critical density of n e = 8 cm −3 , while we infer electron densities as high as 85 cm −3 , with over half of our galaxies having densities greater than 8 cm −3 . Previously most local galaxies had confirmed small contributions to the [C II] flux from ionized gas, but now larger samples are finding cases that prove this assumption false. We should be careful to understand local galaxies in order to ensure the high redshift models are correct.
NGC 4526 is an extreme case and warrants further consideration. The galaxy is not unusual in other respects (i.e. Wilson et al. (2013) propose that all of the [C II] emission comes from ionized gas, but there is one major difference between the two cases: in NGC 4125 the assertion about ionized gas rests heavily on the fact that neither cold atomic gas (H I), molecular gas (CO), nor [O I] have been detected. In NGC 4526 we detect abundant molecular gas, so it's curious that PDR emission apparently plays such a small role. The cause could be optical depth effects in the [C II] line (e.g. Langer et al. (2016) ), combined with a soft ISRF (very red colors), high gas density in the PDR (so that the C+ shell is physically thin, with a low column density), and/or unusual N/C abundance (as discussed for intermediate mass AGB stars in Mittal et al. (2012) ).
[C II] as a Star Formation Tracer
The [C II] line is a major coolant of interstellar gas, and the main source of heating for the gas in spirals is FUV photons from O and B stars, so it is not surprising that strong correlations between the [C II] surface brightness and several star formation tracers have been found by Boselli et al. (2012) , and more recently studied by Herrera-Camus et al. (2015) . To compare to their work, we obtained Spitzer MIPS 24 µm fluxes for our galaxies from NED, or IRAS 25 µm when 24 µm was unavailable emission coming from ionized gas is given in the last column. *NGC 2764 and 5866 have additional entries listed for size estimates based on the 250 µm data as well as the CO sizes because the SECT corrected spectra produced from CO sizes underestimate the photometry, while the 250 µm sizes overestimate the photometry. The true values for these galaxies likely lie in between.
1990; Temi et al. 2009a,b) . There were no data available for NGC 3626 or UGC 06176. If the reported flux was not corrected for the circumstellar contribution, the correction at 22 µm used by Davis et al. (2014) was applied. Most corrections were only a few percent, except for NGC 3665 and NGC 4429 which had 60% and 35% of the flux removed, respectively. Additional data from the WISE 22 micron survey were available for all galaxies in the sample, and were utilized as a consistent, similar comparison. The WISE data, along with estimated surface areas for each galaxy (used for both 22 and 24 µm), were taken from Davis et al. (2014) . As in Figure 2 of Herrera-Camus et al. (2015), we plot the 24 µm surface brightness against the [C II] surface brightness (including the contribution from ionized gas) and find a similar result. There is a tight correlation with an r-value of 0.959 and a standard deviation of 0.27 dex. Our data are plotted with the best fit lines in Figure 10 . The slope we find is 1.094 ± 0.080 (red line) which is slightly less than the value of 1.2 (blue line) found by Herrera-Camus et al. (2015) , but quite close. The standard deviation on their data was 0.23 dex, so [C II] is an equally good star formation tracer for ETGs as LTGs, although the conversion equation is slightly different. It should be noted Figure 10 . 24 µm surface brightness (corrected for circumstellar contribution) plotted against [C II] surface brightness for the galaxies in our sample. The line of best fit for our sample is shown in red, while the line of best fit found by Herrera-Camus et al. (2015) is shown in blue.
that our values are galactic values while Herrera-Camus et al. (2015) use multiple regions from each galaxy to form their sample. The results indicate that [C II] is a useful SFR probe in all types of galaxies, and could be particularly useful in high z galaxies where traditional methods may be unavailable.
[C II] as a Molecular Gas Tracer
Observations of 12 CO(1-0) were reported for the majority of galaxies in our sample in Young et al. (2011) , with a few coming from Young et al. (2008) , an observation for NGC 3489 coming from Crocker et al. (2011) , NGC 3607 from Welch and Sage (2003) , and upper limits for NGC 4374, 4486, 5813, and 5846 from Combes et al. (2007) and NGC 4636 from Sage et al. (2007) . While [C II] can originate in many different phases of the interstellar medium, the majority of the [C II] emission is presumed to originate from the surface of molecular clouds in PDRs (except for a few galaxies with large [C II] ion contributions), typically around 70% as shown earlier. Because [C II] is much brighter than CO, it could be used as a proxy for molecular gas in galaxies where CO emission is faint such as high redshift sources. CO resides at the center of the clouds where [C II] originates, so there should be CO emission correlated with the [C II] emission. As shown in Figure 11 , this is indeed the case, and we find our results in good agreement with those obtained by Stacey et al. (1991) . The trend is also consistent with additional CO poor galaxies from the Atlas3D sample that also have [C II] data available (NGC 4278, 4374, 4461, 4477, 4486, 4503, 4596, 4608, and 5322 (Brauher et al. 2008) and NGC 4472, 4636, 5813, and 5846 (Werner et al. 2014) ). The data are plotted on a log-log scale in Figure 11 Note.
-We have calculated upper limits on the amount of CO dark gas in the galaxies in our sample. Listed here are the H 2 column densities (10 21 cm −2 ), the galaxy areas (kpc 2 ) (Davis et al. 2014) , the masses found from [C II] and CO (log(M )), and the percent of the total molecular mass that is CO dark.
with other ratios as an indicator of the PDR gas density and UV field strength through the use of PDR models as in Gullberg et al. (2015) . A full study of PDR models will be carried out in a subsequent paper, but we note that similar [C II]/CO ratios in ETGs and LTGs suggest we will find similar gas densities and UV fields.
Though CO is the preferred method for quantifying the molecular gas content in galaxies, it has been shown that [C II] can trace "CO dark" molecular gas that resides in the layers of PDRs that are not traced by CO. Langer et al. (2014) find that molecular clouds in the Milky Way contain significant amounts of CO dark molecular gas, from 20% in dense clouds to 75% in diffuse clouds. This CO dark gas can be a large fraction (up to 80%) of the total molecular gas mass in low metallicity galaxies such as dwarf galaxies (Fahrion et al. 2016 ). We do not expect such large amounts of CO dark gas in our galaxies with roughly solar metallicity, but several galaxies in our sample could contain an appreciable amount of CO dark molecular gas. To estimate the amount of molecular gas traced by [C II], we calculate the H 2 column density using equation 4 from Langer et al. (2014) and a relative abundance X H2 (C+) = 2.8·10 −4 , assuming a pressure of 10 4 K cm −3 . We do not correct our [C II] fluxes for contributions from atomic or ionized gas, so the mass estimate is an upper limit. On average, ≤ 17% of the total molecular mass in our galaxies is CO dark. The galaxies that contain the most CO dark gas are NGC 7465, IC 1024, and NGC 3032, being comprised of ≤ 46%, 39%, and 35% CO dark gas, respectively. The H 2 column densities and masses can be seen in Table 4 . (2008) and Werner et al. (2014) . If data from our sample is missing error bars, the error is smaller than the symbol.
CONCLUSION
There are very few observations of FIR emission lines from ETGs, while many similar observations have been carried out for other morphological types, including spirals, dwarf galaxies and (U)LIRGs. There is some evidence to suggest this may be correlated with the state of the ISM as indicated by the atomic/molecular gas ratio, and it is certainly correlated with the UV colors. Better knowledge of the elemental abundance in these galaxies would help disentangle these correlations.
The [C II]/FIR ratio is strongly anti-correlated with NUV-K and likely gives rise to the correlation of [N II] 122/[C II] with UV colors. Redder NUV-K colors are indicative of a soft ISRF and would be relatively weak in the UV photons that ionize carbon or cause photoelectric heating of the gas. However, the [N II] 122 emission suggests that there are non-negligible amounts of harder (> 13.6 eV) UV radiation. Overall it appears the global gas properties in ETGs are quite similar to those in late type galaxies.
We find that [C II] is useful as a star formation tracer in ETGs. The scatter found for ETGs is similar to normal spirals, which provides indirect support for their use in high redshift galaxies, as the [C II] line has been shown to be a star formation tracer for all morphological types of local galaxies. Molecular gas surface density is also known to be a good predictor of star formation rates, and since [C II] originates on the surface of clouds harboring CO, it naturally traces 12 CO(1-0) emission very well, too, and we calculate a power law conversion of [
). The percent of [C II] emission arising in ionized gas is similar for ETGs and normal spirals, except for a few unusually high values in NGC 3665, NGC 4459, NGC 4526, NGC 4710, and possibly NGC 5866, which reach values similar to those seen in the center of M51 and in NGC 4125. About a quarter of galaxies from our sample, as well as the KINGFISH survey, have more than half of their [C II] emission coming from ionized gas, contrary to the current theoretical models for high redshift galaxies, and could lead to overestimates when [C II] is used to trace CO-dark gas in PDRs. This discrepancy could have significant implications for the future study of high redshift galaxies and galaxy evolution, where [C II] is quickly becoming a popular diagnostic workhorse.
Further study of ETGs using FIR spectroscopy will be carried out using the SPIRE observations of 9 galaxies from our present sample. The pair of neutral carbon emission lines in the SPIRE spectra will allow us to better characterize the neutral atomic gas in PDRs, constraining the pressure at the boundary between atomic and molecular gas and providing information about the density and radiation field strength through their use in PDR models. Neutral carbon can also trace another layer of "CO dark" molecular gas that may be present in PDRs. Additionally, the mid to high J CO emission lines found in the SPIRE spectra will help characterize the excitation of the molecular gas in these galaxies, as well as constrain the density at the center of molecular clouds.
Metallicity is also a very important variable that has not been incorporated into our study of ETGs. Gas phase metallicity measurements will be used to explore trends in all of the FIR line ratios, but the [C II]/FIR and [N II] 122/[C II] will be of particular interest.
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Facilities: Herschel (PACS), Herschel (SPIRE) Figure 2 . Optical images of the galaxies are seen along with the PACS field of view and [C II] 158 contours around each galaxy. . The SPIRE spectra for every galaxy. The uncorrected spectra are blue, while the spectra corrected by the SECT are shown in gold for source sizes based on CO images, and in gray for source sizes based on 250 µm images (only NGC 2764 and 5866). Overlaid in red are photometric data points obtained with 22, 30, and 42 aperture radii for the 250, 350, and 500 µm SPIRE photometry bands, respectively, except for NGC 2764 and 5866, where a 28 radius was used for the 250 µm band. The aperture radii were chosen to contain just the main lobe of the beam, but for NGC 2764 and 5866 a larger aperture was necessary to contain the extended emission. The green diamonds are synthetic photometry data produced by the spireSynthPhotometry task with the CO size corrected spectra, and the darker green squares are synthetic photometry based on the 250 µm size corrected spectra.
APPENDIX
A. KINGFISH DATA FIR fine structure line flux measurements are available for a large sample of nearby galaxies, mostly spirals, in the KINGFISH project (Kennicutt et al. 2011) . In this paper we make use of the PACS spectroscopic data for the [C II] Fundamentally the line fluxes in the KINGFISH galaxies are measured in the same manner as for our sample of early-type galaxies (Section 2.4), with the following exception. In estimating the line flux uncertainties, we note that the expression √ N σ 1 δv is only appropriate when the individual channels are statistically independent of each other. However, the projected cubes in the Herschel Science Archive are produced with the parameter upsample = 4, meaning that the output channels are 4 times narrower than Nyquist sampling and the noise in adjacent channels is strongly correlated. Direct experimentation with this parameter suggests that, when upsample = 4, the expression above needs to be multiplied by an extra factor of 2 to produce an accurate uncertainty estimate.
The choice of aperture sizes and locations in the KINGFISH data also deserves some comment. The KINGFISH galaxies tend to be closer than our early-type galaxies, so to achieve broad similarity in linear aperture sizes between the two samples we usually adopt apertures of radius 20 for the KINGFISH galaxies. We take a minimum linear size of 500 pc for the nearest galaxies, and in two cases the aperture size is enlarged by a factor of 3 because the line emission is in a ring around the nucleus. Figure A5 shows the distribution of aperture sizes. The KINGFISH apertures are usually centered on the galaxy nucleus, but in nine cases the aperture is off the nucleus because the [N II] field does not cover the nucleus or the [N II] emission is stronger elsewhere. For example, in NGC4736 the aperture we use for the PACS lines is centered not on the nucleus but on the eastern side of the ring (see van der Laan et al. (2015) for images). Detailed information on the aperture positions and sizes is in Tables A1 and 2 .
A.1.2. Comparison to Previously Published Values
Our measured fluxes and line ratios are consistent with previously published values, though it is notable that there have been some significant calibration updates in the most recent release of the HIPE software.
2 Specifically, (1) a new correction for the illumination pattern on the spaxels is advertised to increase the PACS line fluxes by up to ∼ 30% compared to previous calibrations; and (2) the [N II] 205µm lines are fully reprocessed with a new relative spectral response function (RSRF) that accounts for the red leak at wavelengths longer than 190µm. Thus, we provide direct comparisons of older line fluxes to new ones measured in the KINGFISH data reprocessed to SPG v14.2.0.
The KINGFISH Data Release 3 (KFDR3), released in October 2013, is available from the Herschel Science Center and was based on HIPE v11. We find that line fluxes in the newly reprocessed SPG v14.2.0 data are systematically higher than in KFDR3 by about 35% for [O I] Herrera-Camus et al. (2015 and Smith et al. (2017) appear to use the KFDR3 calibrations. The v14.2 values are used in this paper and quoted in the tables.
Older published values are roughly consistent with the values presented here. Croxall et al. (2012) plot [O I]/[C II] ratios for many individual 10 apertures in NGC1097 and NGC4559; in NGC4559 their ratios fall in the range of 0.2 to 0.33, and our measured value is 0.276 ± 0.008. In NGC1097 they find a similar range, though bright nuclear regions are much closer to 0.33; our value, which is strongly dominated by the nuclear ring, is 0.453 ± 0.003. In the ring of NGC4736, van der Laan et al. (2015) quote ratios from 0.17 to 0.33, and we measure 0.326 ± 0.011.
For the PACS [N II] 205µm line, the new RSRF effectively multiplies fluxes up by factors of 5 to 10 compared to previous versions including KFDR3. The recalibrated fluxes are also in good agreement with measurements from the SPIRE FTS (Kamenetzky et al. 2016) . Specifically, there are six [N II] 205µm detections in Table A1 which also have roughly coincident pointings with SPIRE and the mean flux ratio (SPIRE/PACS) of those seven is 0.63, with a dispersion of 0.10. The agreement is remarkable given that the aperture shapes and sizes are not particularly well matched; the SPIRE beam at 205µm is roughly a Gaussian of FWHM 17 , and Kamenetzky et al. (2016) have attempted to extrapolate to a 43.5 beam, whereas for the PACS data we have used uniform circular apertures whose radius is usually 20 . The [N II] 122/205 line ratios calculated from Table A1 are also roughly consistent with analogous values obtained by Herrera-Camus et al. (2016) using the older (KFDR3) PACS 122µm data and SPIRE FTS 205µm fluxes. Since those authors do not publish tables, only the rough envelopes of measured values can be compared, but the range of their values (≈ 0.6 to 6, with a peak around 1.4) is similar to ours (≈ 0.5 to 4, also with a peak between 1 and 2). Table A1 also provides FIR fluxes for the relevant apertures in the KINGFISH galaxies, for use in calculating [C II]/FIR and similar ratios over those apertures. The "total infrared" (TIR) fluxes are estimated from the 100µm PACS images in KFDR3 using calibration coefficients in Table 2 of Galametz et al. (2013) ; those authors also show that for the KINGFISH galaxies, the 100µm emission can be accurately scaled to TIR emission with very little dependence on IR color. For comparison with "far-IR" (FIR) fluxes derived from IRAS 60µm and 100µm flux densities, we note that TIR is equal to FIR×2, within a few percent, for a wide range of IR colors (Dale & Helou 2002) . Galametz et al. (2013) estimate that the calibration uncertainty in the PACS images is about 7%, and the dispersion about their 100µm-TIR relation is 0.05 dex (12%).
A.2. TIR and CO data
CO imaging data for many of the KINGFISH galaxies are also available as observations of the CO J=2−1 line from the HERACLES project (Leroy et al. 2009 ), which used the IRAM 30m telescope in an on-the-fly mapping mode. Those data have an intrinsic spatial resolution of 12 and are modestly smoothed to produce a spatial resolution of 13.4 FWHM, similar to the 11.5 FWHM of the PACS [C II] data. Again, we measure line fluxes by constructing circular apertures within which the data are spatially integrated to make a single spectrum. For the purposes of analyzing [C II]/CO ratios and their spatial variation, the apertures are centered on the galaxy nucleus and have radii varying from 13.4 to 300 . Since the [C II] fields of view often consist of a roughly square area or a long rectangular strip, the CO data cubes are masked to match the [C II] fields prior to spatial integration. The CO spectra are straightforward to integrate, with one exception. The CO data cube for NGC4559 also seems to show, besides the target galaxy in velocities 700 to 900 km s −1 , additional significant emission at a velocity of about 1180 km s −1 . This emission has a 20% effect on the CO fluxes for the galaxy, and it is counted in the [C II]/CO line ratio because the corresponding velocity range is unavoidably included in the [C II] line.
In comparing the KINGFISH [C II]/CO(2−1) line ratios and ours, which are derived from CO(1−0), it is necessary to assume a CO (J=2−1)/(J=1−0) line ratio. For the galaxies in the HERACLES project, Leroy et al. (2009) find a mean brightness temperature ratio T B (J = 2 − 1)/T B (J = 1 − 0) = 0.8, meaning that integrated line luminosity or flux ratios will be 6.4 in energy units. Similarly Stacey et al. (2010) have used a ratio of 7.2 for their sample galaxies, which are primarily ULIRGS and may have somewhat higher CO excitation. Leroy et al. (2009) assume an absolute calibration uncertainty of 20% for the HERACLES data, based on repeated observations of some bright objects on multiple days; they also remind readers that this value does not account for relatively poor knowledge of the aperture efficiencies. Table 2 gives [C II] and CO J=2−1 fluxes and statistical uncertainties, and the [C II]/CO(2−1) ratio, for all of the galaxies with both KINGFISH and HERACLES data. The exceptions are Ho II, IC2574, NGC3190, NGC4594, and NGC5474, where the CO emission is faint. The table quotes the line fluxes and ratio measured in the largest aperture, whose radius is given in columns 2 and 3; variations in in this global [C II]/CO ratio from one galaxy to another span a factor of nearly 20, which is certainly larger than both the statistical uncertainties and the calibration uncertainties.
A.3. Radial Gradients in Line Ratios
These datasets also provide information on the radial gradients in line ratios, and because the KINGFISH apertures tend to have smaller physical sizes than the apertures on our early-type galaxies ( Figure A5 ), it is useful to try to quantify the effects of aperture size. Smith et al. (2017) discuss some extreme cases in which nuclear [C II]/TIR ratios are a factor of 2 to 5 lower than values measured at ≥ 1 kpc, but in most cases the radial gradients in [C II]/TIR are modest. Similarly, we have computed [C II]/TIR ratios for the KINGFISH galaxies in a nuclear aperture of radius 15 and in the largest aperture available; the ratios systematically increase with aperture size, but the median increase is only 0.09 dex, which is much smaller than the factor of 10 range exhibited by the set. Figure A5 also shows, as an example, that the trend of [C II]/TIR with global galaxy color is robust to the aperture size distribution. Thus, line ratio gradients are certainly present in these datasets but they do not dominate the observed trends.
We also find that the Smith et al. (2017) ).
Most of the galaxies in this sample show a general trend with lower [C II]/CO ratios in their nuclei (inner 0.5 to 1 kpc) and higher values at larger radii. In an extreme case like NGC4736 the [C II]/CO surface brightness ratio varies from a low of 130 ± 10 in the nucleus (radii < 300 pc) to a high of 1300 ± 300 in the ring (1 to 1.5 kpc), and a moderate ≈ 650 beyond; however, in most cases the gradients are not that steep. Generally speaking the lower [C II]/CO line ratios in galaxy nuclei are qualitatively consistent with an expectation for higher gas densities in nuclei (e.g. Stacey et al. (2010) ; Gullberg et al. (2015) ). There does not seem to be a simple or obvious relationship between the presence or absence of an AGN and a radial trend in the [C II]/CO ratio. Note. -Data from the KINGFISH sample. All errors listed are 1 sigma uncertainties based on the noise in the spectra. The error for the [C II]/CO ratio does not include any absolute calibration uncertainties. Figure A1. [O I] position-velocity slices through the optical nucleus, along the kinematic major axis as determined from the CO data (Davis et al. (2011) ; Davis et al. (2013) ; Alatalo et al. (2013) ). Velocities on the vertical axis are measured by the optical definition and in the LSR frame, and positions on the horizontal axis are arcseconds (along the major axis) relative to the optical galaxy center at 0. The Herschel PACS data are shown in red contours, which are drawn at (-2,2,4,6,8,10,12,16,20) times the rms noise level in the center of the cube; the rms noise levels are about 5 mJy/pix in [C II], 2 to 3 mJy/pix in [N II], and 8 to 12 mJy/pix in [O I]. The negative contour is dashed. For comparison, we also show the CO emission in black contours and, in dark grey contours, the CO emission smoothed to approximately the same spatial and velocity resolution as the PACS data. Smoothed CO emission is arbitrarily scaled to have the same peak value and same contour levels as the PACS slice. Figure A2. [N II] position-velocity slices through the optical nucleus, along the kinematic major axis as determined from the CO data (Davis et al. (2011) ; Davis et al. (2013) ; Alatalo et al. (2013) ). Velocities on the vertical axis are measured by the optical definition and in the LSR frame, and positions on the horizontal axis are arcseconds (along the major axis) relative to the optical galaxy center at 0. The Herschel PACS data are shown in red contours, which are drawn at (-2,2,4,6,8,10,12,16,20) times the rms noise level in the center of the cube; the rms noise levels are about 5 mJy/pix in [C II], 2 to 3 mJy/pix in [N II], and 8 to 12 mJy/pix in [O I]. The negative contour is dashed. For comparison, we also show the CO emission in black contours and, in dark grey contours, the CO emission smoothed to approximately the same spatial and velocity resolution as the PACS data. Smoothed CO emission is arbitrarily scaled to have the same peak value and same contour levels as the PACS slice. Figure A3 . [C II] position-velocity slices through the optical nucleus, along the kinematic major axis as determined from the CO data (Davis et al. (2011) ; Davis et al. (2013) ; Alatalo et al. (2013) ). Velocities on the vertical axis are measured by the optical definition and in the LSR frame, and positions on the horizontal axis are arcseconds (along the major axis) relative to the optical galaxy center at 0. The Herschel PACS data are shown in red contours, which are drawn at (-2,2,4,6,8,10,12,16,20) Figure A5 . Left: Size distribution of the circular apertures used for KINGFISH galaxies and our sample of early-type galaxies. Right: [C II]/TIR values versus global NUV-K colors in the KINGFISH sample, with symbols indicating each aperture's linear size. The larger red points correspond to apertures overlapping the early-type galaxy size distribution. The smaller blue points tend to be dwarf galaxies closer than ≈ 8 Mpc, with limited PACS fields of view.
